A norganisch-C hem isches In stitu t der U niversität M ünster, W ilhelm -K lem m -Straße 8, D -W -4400 M ünster Z. N aturforsch . 48b, 5 2 -5 7 (1993); received Septem ber 1, 1992 C rystal S tructure, M agnetic Susceptibility, Tin Flux, S tructural R elationships The title co m p o u n d s were p rep ared from prereacted sam ples o f the elem ental co m p o n en ts by arc-m elting. U C r5P 3 was also o b tain ed from a tin flux. U V 5P 3 and U C r5P 3 crystallize w ith a new structu re type, w hich w as determ ined from X -ray d ata o f a tw inned crystal o f U C r5P3: P 2 1/m , a = 959.1(2), b = 370.95(6), c = 696.7(1) pm , ß = 100.05(3)°, Z = 2,R = 0.030 for 827 stru ctu re factors and 29 variable param eters. U M n ,P , is isotypic w ith Y C o 5P 3. The structure was refined to a residual o f R = 0.054 for 455 structure factors and 28 variables. U C r5P3 has a relatively high, alm ost tem p eratu re independent param ag n etic susceptibility as is frequently observed for m etallic u ran iu m com pounds. The crystal stru ctu res o f these p h o s phides are discussed to g eth er w ith those o f oth er phosphides and silicides o f sim ilar co m p o si tion.
Introduction
Only few tern ary actinoid tran sitio n m etal phos phides are know n. [1] , It is m ost likely isotypic with U 6R h 20P 13 [2] and Z r6N i20P 13 [3] . O ther examples are U 2M n 12P v [4] , U 2F e 12P 7 [5] , and U 2N i12P 7 [6] with Z r2F e 12P 7 type stru ctu re [7] , U M n 4P 2 [8] , the two m odifications o f U C r6P4 [9] , as well as the recently characterized phosphides T h 5F e 19P 12 an d T h F e4P2 [10] , O f the co m p o u n d s reported here U V 5P 3 and U C r5P 3 crystallize w ith a new stru ctu re type. U M n 5P 3 is isotypic w ith Y C o 5P 3 [11] . Prelim inary accounts a b o u t the crystal stru ctu res o f these phosphides were given earlier [4, 12] ,
Sample Preparation and Properties
S tarting m aterials were platelets o f uranium (M erck: " n u k learrein "), pow ders o f vanadium (> 9 9 .7 % ), chrom ium (99.99% ), an d m anganese (99.9% ), red p h o sp h o ru s in the form o f small pieces (H oechst-K napsack: "u ltra p u re "), and granules o f tin (M erck, 99.9% ). A p p ro p riate mix-* R eprint requests to Prof. W. Jeitschko.
V erlag der Z eitschrift für N a tu rfo rsch u n g , D -W -7400 T übingen 0 9 3 2 -0 7 7 6 /9 3 /0 1 0 0 -0 0 5 2 /$ 01.00/0 tures o f the elem ents were sealed in evacuated sili ca tubes and annealed betw een 700 C and 900 °C for about one week. The reaction pro d u cts were cold-pressed to pellets and arc-m elted u nder an a t m osphere o f purified argon. All three com pounds were present already in the "as ca st" b u tto n s w ith out further annealing. They are black w ith m etallic lustre and stable in air for long periods o f time. Energy dispersive X -ray fluorescence analyses in a scanning electron m icroscope did n o t reveal any foreign elem ents heavier th a n sodium .
A well crystallized sam ple o f U C r 5P 3 was o b tained by the tin flux technique. The elem ents in the atom ic ratio U :C r :P :S n = 5 :1 7 :8 :7 0 were sealed in a silica tube, slowly heated (2 0°/h) to 900 C, held at this tem perature for tw o days and cooled to 700 °C w ithin a few days. The tin-rich m atrix was then dissolved in cold hydrochloric acid, which leaves the needle-form ed crystals o f U C r5P 3 essentially u n attacked. T hey are slowly dissolved, how ever, in hot hydrochloric acid.
The products were characterized by the G uinier pow der technique using « -q u a rtz (a = 491.30 pm, c = 540.46 pm ) as a stan d ard . Indices could be as signed on the basis o f the cells o btained from the single-crystals investigations. This was facilitated by com paring the experim ental p attern s w ith the ones calculated [13] using the positional p aram e ters o f the structure determ inations. T he following lattice constants were o btained by the leastsquares fits for U V 5P 3: m onoclinic, a = 1018.0(3), b = 341.0(1), c = 748.8(2) pm ,/? = 100.36(3)°, V = U C r5P 3 U M n 5P3 T able I. C rystal d a ta fo r U C r5P 3 and U M n 5P, * T his n u m b er already excludes the reflec tions w ith h + / = 8 n , w hich had to be om itted because o f the overlap w ith the twin.
0.2557 n m \ F o r U C r5P 3 and U M n 5P3 the lattice constants are listed in Table I .
The m agnetic susceptibility o f U C r5P3 was de term ined w ith a F arad ay balance between liquid nitrogen an d ro o m tem perature as described ear lier [14] . T he com pound show s alm ost tem pera- The positions o f m ost atom s were obtained from P atterso n syntheses; those o f the other atom s were found on difference F o u rier m aps. The stru c ture o f U C r5P 3 is o f a new type with space group P 2 ,/m (N o. 11) and Z = 2 form ula units per cell. U M n 5P 3 tu rned o u t to be isotypic w ith Y C o 5P 3 [11] , space group Pnm a (N o. 62), Z = 4. O ther d a ta are listed in T able I. B oth structures were re fined by full-m atrix least-squares cycles using atom ic scattering factors [17] , corrected for a n o m alous dispersion [18] . The w eights consisted o f a c o n stan t and a term accounting for the counting statistics. P aram eters correcting for isotropic sec o n d ary extinction were refined and applied to the calculated structure factors. F o r the U C r5P 3 struc ture, the W eissenberg d a ta h ad show n previously th a t reflections w ith h + I = 8 n were superim posed w ith the corresponding ones o f the o th er twin d o m ain (Fig. 1) ; they were therefore excluded in the final refinem ent. T he reflections w ith h + 1 = 8 « ± 3 were also close to each other, b u t the resid uals for these were low and therefore the c o rre sponding structure factors could be included in the last refinem ent cycles. R efinem ents w ith ellipsoi dal therm al p aram eters show ed no great im prove m ents o f the residuals and the displacem ent pa-. s < ö * : ; • : ; * 5° 
Discussion
The ently characterized new com pound U M n 5P 3. The stru ctu re o f U N i5Si3 [25] occurs also for the silicides R N i5Si3 (R = Y, Tb, H o, Er, and Y b) [25] , The U C o 5Si3 type structure is also know n for Z rC o 5Si3 [26] , while the L aC o 5P 3 type structure [27] was also found for S rN i5P3 [6] , L aN i5P 3 [28] , E u N i5P 3 [29] , S rN i5A 3 [6] , and E u N i5A s3 [6] . O f these five stru ctu re types the structures of U C r5P 3, Y C o 5P 3 (U M n 5P 3), and U N i5Si3 are m ost closely related if we consider the coordination p olyhedra and the m etal-m etalloid interactions as the m ost im p o rta n t criteria for such relationships. Both structures actually m ay be considered as de rived from a structure w ith the subcell o f space group Pnm a. The structure o f U N i5Si3 derives from th at subcell by doubling o f the translation period a, (a klassengleiche tran sform ation), while the structure o f U C r5P 3 derives from th a t o rth o r hom bic subcell by a m onoclinic d istortion (a trans lationengleiche tran sfo rm atio n ) [32, 33] .
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